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The Honorable Edward M. Kennedy
Chairman, Subcommittee on Health .. ,. =~ ¥} ° = =
and Scientific Research PR A
Committee on Labor and Human Resources

United States Senate

Dear Mr. Chairman:

"Acquisition and Screening of Plant Extractsw?
(HRD-80-53) |

S

Subject: {Review of the National Cancer Institute's

Your January 18, 1979, letter asked us to review
selected research management activities of the Wational
Institutes of Health (MIZ). In later meetings with vour
office, four issues were selected for indepth review. The
results of our work will be provided to the Subcommittee
in three reports.

This first report covers the portion cof your raguest
concerning the MNational Cancer Institute's (NCI's) Division
of Cancer Treatment. As agreed with vour office, we focused
on two areas within the Division's Develocmental Therapeu:tics
Program (DTP):

--Methods for acgquiring plants to avold excessive
duplications.

--cfforts to develop more effective and econcmic
screens to identify chemical agents that may be
useful in cancer chemotherapy.

INTRQDUCTION

NCI's goal is to develcp the means for reducing the
incidence, morbidity, and moruality of cancer. Through
grants and contracts to universities, medical schools, and
ncnprofit research organizations, NCI uses its research
funds *o investigate the nature of cancer and its causes
and prevention, diagnosis, and cure. NCI was reorganized
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in 1972 to implement the responsibilities of the National
Cancer Act of 1971 (42 U.S.C. 281), which increased NCI's
authorities and established the Nationel Cancer Program.
Under the reorganization four divisions were established,
inciuding the Division of Cancer Treatment—--the main organ-
izational compcnent of the cancer program respcnsible for
coordinating cancer treatment research within NCI. The
major emphasis in cancer treatment research 1s searching
for antitumor drugs and developing and improving combined
methods of therapy using drugs singly or in combination with
cther forms of therapy, including surgery and radiotherapy.

The Developmental Therapeutics Program (DTP), one of the
Division of Cancer Treatment's four subdivisions, administers
the search for new anticancer agents. Through the collabora-
tive efforts of its four branches and five laboratories, DTP
acguires various chemicals and natural products for evaluaticn
as potential sources of new cancer treatment drugs. These
may be of synthetic origin or come from micrebiological, plant,
and animal sources. The review was limited to activities
within twc branches: the Natural Prcducts Branch (NPB), which
arranges for acguiring plants, and the Drug Evaluation Branch,
which is responsible for screening new agents for anticancer
activity. Obligaticons for these two branches were $5.9 miilicn
ané $20.6 millicn, respectively, in fiscal year 1979.

The investigation of plants as a scurce oI new drugs
vegins by collecting test samples. These samples are ceol-
lected largely at rendom and may consist ¢f any plant part
or combinations of parts, such as root, stem, bark, and
flower. Once collected, these samples undergc an extraction
orocess to remove the plants' chemical compounds for initial
screening in laboratory animals (referred to as in vive) and
cell cul=ures (referred to as in vitro). Plant extracts ex-
hibiting anticancer activity in screening are ccnsidered for
further research and develcrment. Those exhibiting little
or no activity are not considered.

ACQUISITION QOF PLANTS

NPB arranges for worldwide collection of plants. Ccllec—
tions are made primarily under an interagency acreement with
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the U.S. Department of Acriculture (USDA) for about $431,000
annually. USDA obtazins about 90 percent of its collections
from contract suppliers in about 60 countries and the re-
mainder from USDA personnel throughout the world. Other
sources include a contract with the University of Hawalil

and occasional submissions from research institutes, inter-
ested scientists, and universities. In fiscal year 1979
these sources provided about 3,450 plant samples to NPB.

NPR controls for plant duplication

In 1977 OTP found substantial duplication in the plant
program because of lack of controls over activities of col-
lection contractors. DTP considers some duplicaticn of plants
as being acceptable if they are collected in different seasons
cr from different countries because plants' chemical composi-
ticn may vary based on those factors. However, in a review
cf USDA samples submitted over a 2-year period, from 1975 to
1977, NPR determined that 60 percent were identical to plant
species already collected and screened in the past. There-
fore, only 40 percent of the samples collected during this
period actually went before the DTP screens for the first
time.

To improve this situation, NPB established a control
system designed to limit the repetitive collecting of plant
svecies. The NPB staff compiled a2 list of more then
67,000 plant species 1/ and genera 2/ that would no longer
be accepted for DTP evaluation. An NPB cfficial estimated
tnat over 250,000 species exist. The list was first made
available tc the cocllection contractors in 1978 and is per-
iodically updated as a reference for future collections.

NP3 established three criteria for determining which
plants it does not want for future ccllections:

--The plant species has been screened six or more times
with no anticancer activity cbserved.

1/Species: a type of plant.

2/Genera: a classification of plant consisting of ore cr
more species.




--For a particular plant genera (a) ar extensive number
of species within the genera had been screened and
(b) in NCI's opinicn continued screening within that
genera would be ¢f no value.

--Anticancer activity was observed from a previous ccl-
lection.

NPB policy to limit duplication has
unduly restricted plant collections

~—— In the effort to reduce plant duplicaticn by limiting

the number of screenings to as few as six, some plants have
been categorized as not wanted by NPB after being ccllected

in only cne country To zcsess the impact of limiting the
=TITeris T3 Six screenings, we randomly selected 56 plants

no longer wanted by NPB which had been screened six Or seven
times with no anticancer activity cbserved. Of the 536 plants,
28 (50 percent) had been collected from only cne country.

Bcth NPB and USDA cofficials agree that the chemical
makeup of a plant can vary with different geographical areas,
Therefcre, it is possible for a plant collected in one country
to show no anticancer activity while the same plant ccllected
Ffrom ancERET-TOUALrYy may ccntain active anticancer agents.

For example, we reviewed all screened species cf the same
genera as the 56 plants. Of these, 32 species contained anti-
cancer active agents, 12 of which had shown no anticancer ac-

vrivity when obtained from cther countries.

In commenting on our draft report, NCI agreed, that
multiple samples, when they are obtailned, should be from
different countriesy NCI said it had insisted cn stopping
the collection of one species six cr seven times in one
country. NCI stated, however, that in view of the limited
numoer of species it can evaluate each year and the desire
to discover new types cf compounds, it is probably more
cost beneficial to use a broad survey of new plant spvecies
with fewer samples of a given species tested. This would
prcvide a higher probabilizy of discovering completely new
compounds with new structures.

We also recognize that NCI has a limited capability to
screen plants and that a broad survey of plant species is
desirable. Hcwever, NCI is apparently experiencing dif-

j inh._achieving that goii$
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For fiscal year 1979 there was a severe reduction in
the number cf plant samples obtained for DTP evaluation.
DTP received only 1,751 of the 4,000 samples desired from
USDA. USDA, the principal supplier of plants for DTP, told
us that the decline in input was a direct result of the NFB
policy to limit plant duplicaticn. This policy has resulted
in eliminating more than 67,000 species from any further
collection. Many plants dropped were amcng the most com=
mon and thus most accessible tc their collecticn contrac-
tors. DTP officials indicated that, despite the elimination
of several species, they expect USDA to meet its goal cf
4,000 samples for fiscal year 1980 by entering into several
new countries where collecticns have never befcre been oOb-
tained.

NCI has indicated a desire in the past for USDA to ob-
rain plants from new countries. In a March 30, 1978, letter
to USDA, NCI indicated its agreement would not be renewed
after the expiration date if the conditions that exlsted were
not rectified. Among several problems NCI cited was exces-
sive reliance on a limited number of subcontractors in limited
gecgraphic areas. USDA proposed 20 pctential new ccuntries
or regions for acguiring plants in a Jure 30, 1979, progress
report. A USDA official, nowever, noted several factcrs which
will affect the collection cf plants from these countries

--the availability of gualified botanists,

--the guality of plants in the area,

--the accessibility of the varicus types cf plants, and

--the current pclitical situaticn in the area.

In view of the potential difficulties in obtaining 2
brocad survey cf plant species and given the limited cava-
bility fcr screening plants, we believe it is important tco
avoid prematurely eliminating pctentially active clants from

further corsideration.

Conclusions

A plant species from one country may not show any anti-
cancer activity, while the same plant species from another
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country may show such activity. Thus, NPB's categorizaticn
of plant species--when samples came from only one country--
as not wanted could result in failure to identify plants

with anticancer potential. Although we agree with NPB's
pclicy to reduce duplication of plant acquisiticn, we believe
the policy should be modified so that plants are not categor-
ized as not wanted until samples have been screened from two
or more countries.

Once a species has been obtained from arn acceptable num-
ter of countries, screened, and found to have no anticancer
activity, it could be totally excluded from further collec-
tion. By assuring that samples are obtained from two or more
countries pefore a plant is categorized as not wanted, the
chances of missing plants with anticancer potential would be
reduced.

We believe that NPB shculd review the list of 67,000
olants categorized as not wanted and reinstate those plants
collected from only one country. This should increase the
contractors' ability to provide the number cof plants desired
by NPB, minimize duplication, and allow for the accuisition
of new plants.

Recommendaticn to the Directcr of
the National Cancer Institute

We recommend that the Director revise NPB's criteria for
deleting plants after six screenings to assure plants are not
dropped when samples have been ccllected from cnly cne country.
For those plants in this category, the list of plants not
wanted should be mcdified to identify the specific country
from which the plant is no lcnger desired, thus allowing con-
tractors to ccllect the plant in cther countries.

SCREEMING PLANT AND ANIMAL EXTRACTS

The Drug Evaluation Branch (DEB} is respcrnsitle for
screening new materials to identify those that can kill cancer
cells. Screening is performed in twc Dhases

-—an initiazl screen (prescreen) to identify any com-
pounds with the potential to kill cancer cells and
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--the detailed screening process which further analyzes
those compounds identified in the prescreen as dis-
playing some potential cancer-killing capability.

frem April 1, 1978, to March 31, 1979, DEB ccnducted
over 215,000 in vivo and in vitro screenings of synthetic
and natural product materials, of which approximately 61,900
were prescreens. Prescreening consists of a series of ex-
perimental tumor systems, selected for their ability to
eliminate the vast majority of inactive materials and iden-
tify those few active compounds having the greatest poten-
tial for development into new cancer treatment drugs. The
prescreens eliminate about 92 percent of the materials sub-
mitted and are performed primarily by contractors monitored
by the DEB staff.

DEB uses twe test systems simultaneously for initially
screening these materials, P388 in vivo and the KB in vitro.
The P388 in vivo system consists of a lymphocytic leukemia
transplanted in a laboratory mouse. Anticancer activity is
measured by the prolonged life of the infected animal and is
the principal basis for recommending a new drug for further
develcpment. The KB in vitro, which tests for the cell-
killing ability of an extract, uses human cancer cells grown
in culture media. The KB system is primarily used to isclate
the purified agent, but it alsc identifies compounds which
have cancer active properties.

An entirely in vitro prescreen could
be more effective and economical

DTP and DEB believe the development and agpplicaticn of
better in vitro prescreens would have several advantages over
the present P388-KB combinaticn screens. More sensitive in
vitro prescreens could identify a greater number of compounds.
The KB :n vitro system used alone only measures for cell-killing
activity and is too unstable to be used alone as a prescreen.
Studies have shown that the KB system tends to preduce num-
erous false positives-~a ccmpound that appears to be active
when tested X2 but inactive when tested in vivo. At the sane
time, the KB system has a tendency to overlook some active
cempounds. '




In vitro screens can be designed tc detect compcurds
with specific biochemical activities which cannot be detected
by the current screens, such as a compound's ability to kill
a specific type of cell. The P388 in vivo screen measures
anticancer activity and the KB in vitro screen simply indi-
cates the most cell-killing elemerts in a compound.

Using in vitro prescreens alone should be less costly,
regquiring less funds, time, and material. Currently, new
products are simultaneously screened against the P388 and the
KB at a cost of $80.28 and $19.40, respectively. The esti-
mated cost of in vitro prescreens would range from $15 to $30
each. An NPB official indicated that, while several new in
vitro prescreens might be necessary tc replace the current
orescreen, he telleves in vitro will still be less expensive.
In a similar DTP program--screening fermentations for anti-
cancer activity--the number of P388 in vive tests was reduced
93 percent in fiscal year 1979 by applying in vitro prescreens.
If plant and animal preoducts were initially screened in vitrc,
the number of P388 tests could be reduced since only those
compounds active in the prescreens would be tested in the
animal, &additionelly, in vitro prescreens reguire less time
and material. The present P388 test takes 30 days tc complete
and reguires 1 tc 2 grams of test material, whereas an in vitrc
test usually takes 1 hour to 2 days to complete and recuires
only 5 to 10 milligrams of test material.

In vitro prescreens can be made more sensitive than the
current P388 in vivo and KB in vitro screens to detect very
low levels of an active concentraticon that might otherwise
oe missed. The P388 is used as the primary in vivc screen
because of its sensitivity to most clinically effective anti-
cancer drucs. However, some rlants might contain an active
drug zmong several thcusand chemical components. If the
amount of active material is small encugh, it can become
impossible for the animal screen to detect, because it is
not sensitive enough.

CTP's propcesed project to develop new in vitro pre-
screens was given final approval by the Divisicn of Cancer
Treatment's Board of Scientific Ccunselors on Cctober 29,
1979. Since current in' vitro prescreens dc not perform
many of the analyses DTF desires, new in vitro tests must be
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developed. The DTP officials plan tc issue a Regquest for

Proposals fcr developing prescreens in February 1980. DTP
anticipates that several contracts will be awarded over a

j-year period at an annual cost of abcut $100,000.

Conclusion

With in vitro's apparent advantages of greater effi-
ciency and effectiveness, we support DTP's project to
develop new in vitro prescreens.

- - — -

As arranged with your office, unless you publicly
announce its contents earlier, we plan nc further distri-
bution of this report until 30 days from the date of the
report. At that time we will send copies to interestec
parties and make copies available to others upon request.

Sily yo7 E ;
Laas . /

Comptrcller General

of the United States






